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Abstract 
Our paper explores the patterns of occupational mobility using a theoretical framework which integrates elements from job 
matching and human capital theories. We employ a network analysis approach and consider occupations as nodes and flows of 
individuals moving from one occupation to another as links. By testing a gravity model on data containing working histories of 
higher education graduates in their first years of employment, we identify factors shaping occupational mobility from their first to 
second job. 
1. Introduction 
This paper explores the early career of higher education graduates in order to understand their occupational 
mobility from the first to the second job post-graduation. For understanding paths of occupational mobility, we unify 
elements from job mobility and human capital theories. By exploiting a unique dataset on working histories of 
higher education graduates from Romania, we provide novel evidence on the fact that individuals move to similar 
occupations and that the entrance occupation influence their subsequent career.  
During the last two decades, participation in higher education increased significantly in Romania. Labour Force 
Survey data show that share of higher education graduates in active population increased from 7.9% in 1997 to 
14.3% in 2008. Romanian economy has witnessed dramatic changes associated in the ‘90 with an in-depth transition 
from planned to market economy, followed by high rates of economic growth between 2000 and 2008. Job creation 
during the last decade was concentrated in sectors and occupations placed at the bottom of the added value chain. 
Thus, it is obvious that the demand side and the supply side of the Romanian labour market have evolved in an 
uncorrelated manner. As a result, high shares of higher education graduates enter the labour market in mismatched 
jobs. From this point of view, occupational mobility in the first years of their career can offer them the chance of 
reaching jobs more appropriate for their level of education.   
We investigate patterns of occupational mobility by employing a network analysis approach in which nodes are 
represented by occupations and links by the flows of individuals moving from one occupational category to another. 
Further, we use the gravity model to explain mobility flows between occupations. We had to cope with the treatment 
of zero-valued flows, non-linearity and hetero scedasticity (J. Santos Silva and S. Tenreyre, 2006) and endogeneity 
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(R. Baldwin and D. Taglioli, 2006). For addressing all these issues, we use a zero-inflated Poisson pseudo-
maximum likelihood and zero-inflated negative-binomial Poisson pseudo-maximum likelihood (M. Burger et al., 
2009; G. Fagiolo, 2010).  
We consider that occupations are related to each other via transferable skills which can be sector-specific or not. 
Subsequently, we find out what characteristics of occupations act as push and pull factors shaping flows of higher 
education graduates and how the “distance” between occupations inhibits or not their movement.  
The paper is structured as follows: section 2 revises main theories of occupational mobility and youth career, 
section 3 describes the usage and developments of the networks and gravity model, while section 4 discuss our data 
and methodology. Finally, section 5 presents the obtained results and main conclusions.   
2. Occupational mobility in the early stage of the career 
The classic model of turnover relies on the fact that workers look for a better match to the type or work 
performed and to the employer (B. Jovanovich, 1979; D. Neal, 1999). Empirical evidences suggest that matching 
takes place at occupational level as information obtained by individuals working in a job is used to predict the 
quality of the match at other jobs within the same occupation. Thus, those working their first job are more likely to 
leave the current job than those working their second job in the same occupation.  
Separately from the job mobility theory, an approach in which occupations are related to each other was 
developed. Becker’s human capital theory conceptualizes the existence of general and firm-specific human capital. 
In subsequent theoretical developments, human capital includes industry-specific skills (D. Neal, 1999), while 
investigation of wage formation showed that there is an occupation-specific skill which is transferable across 
employers. This means that when a worker switches the employer or the sector, he/she loses less human capital than 
when changing occupation (G. Kambourov and I. Manovskii, 2009). Higher loss of human capital represents higher 
costs for mobile workers. However, some occupations are linked to each other due to the transferability of skills. 
Such occupations in which skills and experience can be partially or fully transferred from one occupation to another 
form career paths (Y. Weiss, 1971, K. Shaw, 1984). 
Job mobility represents an important characteristic of the first years of employment as rate of job changing 
declines with age and experience of the workers (R. H. Topel and M. P. Ward, 1992). From the perspective of 
human capital theory, youth experience lower costs of occupational mobility due to the fact that they have invested 
less in their occupational-specific skills. In the literature, this period is called the “shopping and thrashing stage” and 
is characterized by exploration and testing of the market (L Reynolds, 1951; J. Jacobs, 1983).    
3. Networks approach and gravity model 
3.1. Occupational mobility network 
The rate of the occupational mobility and its determinants had been intensively studied in the literature, but a 
clear visualization of these movements in a specific time frame, hasn’t been done until recently. The occupational 
mobility network (OMN) is constructed as directed and weighted, where the vertexes are occupations post coded at 
3 digits according to ISCO-88 and the links are weighted with the total flow of persons from one occupations to 
another. A network-based approach permits assessment of several underlying indicators which characterize the 
investigated structures such as average and maximum distance between pairs of nodes, clustering tendency, 
distribution of degrees of the nodes, communities, motifs etc.   
3.2. Gravity model 
Gravity models were developed based on the use of gravitational force to explain the magnitude of trade, capital 
or migration flows between two countries or regions. Since its first use in explaining international trade patterns by 
Tinbergen (1962), the gravity model is widely used. In its simple, basic form, the trade volume between two 
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countries is assumed to be increasing with the sizes of the countries, as measured by their GDP, and decreasing with 
the cost of trade between the two countries, initially measured by the geographical distance between the two 
countries. Later on, the standard proxies used for trade costs in the gravity model were extended to common 
language, common currency, colonial links, institutions, infrastructures, migration flows, and so on. 
Although the model has offered very good empirical explanatory evidence, it has been strongly criticized for its 
lack of theoretical foundation. Theoretical justifications for the model have been provided by Linnemann (1966), J. 
E. Anderson (1979) and A. Deardorff (1998). Linnemann (1966) included population as an additional measure of 
country size, employing what we will call the augmented gravity model. J. E. Anderson was the first to put forward 
a theoretical background for the gravity model. He made the assumption of differentiated goods by the country of 
origin. J. H. Bergstrand continued the approach of Anderson to which he added the monopolistic competition 
assumption, but he continued using existing price indexes instead of those derived through theory. J. Anderson and 
E. van Wincoop (2003) provide a practical way to estimate country specific fixed-effects in the gravity equation, the 
so-called multilateral resistance coefficients, their contribution has been to point out that bilateral trade is influenced 
by relative trade costs.  
Occupational movements, like international trade, can be regarded as being driven by attractive forces between 
destination and source occupation and constrained by the costs and barriers from moving from one occupation to 
another. 
4. Data and methodology 
4.1. Data 
We tested our gravity model on a dataset collected via a national survey carried out between Nov.2008 and Jan. 
2009. The survey was designed to investigate the labor market entry process of the Romanian university graduates, 
1, 3, respectively 5 years after graduation. The records cover both individual characteristics, as well as information 
regarding the jobs accessed by the subjects from graduation until the moment of investigation: professional status 
(employee, employer, self-employed, unpaid family worker), occupation, type of contract (on fixed period/on 
undetermined period, part-time/full time), methods of finding the job (via formal/informal channels), etc. Also, 
several independent variables were defined (see Table 1) and included in the model.  
 
Table 1. Description of the independent variables included in the gravity model 
 
Name Acronym Description 
Total employment EMP No. of employed by occupation at 3 digits 
Employed with higher education HEEMP % of employed with higher education by occupation at 3 digits 
Stock of graduates STOCKGR No. of higher education graduates by occupation at 3 digits 
Occupational prestige OCPR Scores of occupational prestige from Standard International Occupational Prestige 
Scale SIOPS (H. Ganzeboom and D. Treiman, 1996) by occupation at  3 digits 
Wage WAG Average wage by occupation at 3 digits 
Distance between two occupations OCDIST Euclidian distance between the distributions of employed by NACE within two 
occupations 
Similarity between two occupations OCSIM Dummy variable = 1 if both occupations belong to the same major occupational 
group  
Occupation’s type TOC Dummy variable = 1 if occupation belong to white collars category 
Social capital SCCAP Flows of graduates moving from one occupation to another via relatives & friends 
social network 
 
In total, there were questioned 2194 students that graduated in 2003, 2005 or 2007. Of them, 93.8% were 
employed at the moment of survey investigation. The high insertion rate is due to the bloom registered by the 
Romanian economy, in the considered period. A majority of 65.7% university graduates had only 1 job after 
graduation, while 20.6% of university graduates changed once their job. Considering the fact that we investigate the 
employment patterns of university graduates in their first years after graduation, we have to emphasize on the one 
420   Eliza Olivia Lungu et al. /  Procedia - Social and Behavioral Sciences  109 ( 2014 )  417 – 421 
hand the fact that they were practically rapidly “absorbed” by the economy, and on the other hand, the significant 
mobility on the Romanian university graduates in their early career. 
Our gravity model addresses practically the transition process from the 1st job to the 2nd one, or, in other words, 
30% of our dataset will be subject of the in-depth analyze via network-gravity modeling.    
Most of the university graduates found their 1st job after graduation in occupations belonging to the 2nd 
(professionals) and the 3rd (technicians and associated professionals) occupational major groups. Occupations such 
as 244 (social science and related professionals), 241 (business professionals), 232 (secondary education teaching 
professionals), 214 (architects, engineers and related professionals) and 222 (health professionals), exercised the 
higher “attraction” on the university graduates when entering on the labor market. As said before, around 30% of the 
university graduates changed their job at least ones. The structure of the occupational field after the 1st job change 
kept and reinforced the top positions of the above mentioned occupations, some of them starting to behave as 
“attracting masses”. 
4.2. Methodology 
The first step in our analysis is to define the problem of occupational mobility in terms of social networks. We 
consider as nodes the occupations post coded at 3 digits according to ISCO 88, while the links represent the flows of 
university graduates moving from one occupation to another, while changing their job. The network is constructed 
as a weighted directed one.  
The next step of our analyses is to explain the determinants of the flows of university graduates between 
occupations. For this, we shall employ a gravity equation in order to estimate the occupational flows, i.e. the number 
of people that move between two occupations. We assume that there is an analogy between the occupational flows 
and the force of gravity, as the magnitude of flows from one occupation to another is dependent mainly on the 
employed masses in both occupations and on a measure of distance between the two occupations regarded as 
barriers or constraints to movement. In addition, we use other occupation specific variables, such as to complete the 
explanation of occupational flows.  
We start from the most general and simplest form of the gravity equation proposed for explaining trade flows 
between countries (Tinbergen, 1962) in the stochastic version: 
31 2
0ij i j ij ijT Y Y D
αα αα η=                                                                                                                                      
where Tij is the trade flow between the two countries , Yi and Yj are the countries’ GDP and Dij is the distance 
between the two countries, α0, α1, α2 and α3 are the parameters to be estimated and ηij is the error term.  
We adapt the gravity equation to our purpose and obtain the following form of the gravity model for occupational 
flows: 
{ }31 2 11 12 21 220 1 1 2expij i j ij i j i i ij i jF STOCKGR STOCKGR OCDIST EMP EMP OCPR OCPR OCSIM TOC TOCαα α β β β βα θ γ γ⎡ ⎤ ⎡ ⎤= + +⎣ ⎦⎣ ⎦  where the dependent variable represents the flow of graduates from one occupation to another. 
The estimation of this multiplicative equation is not as straightforward as one would expect. Although the 
application of a log-linearized model could be appealing, estimating the log-linearized models by ordinary least 
squares (OLS) could lead to biases in interpreting the estimated coefficients created by the logarithmic 
transformation in the presence of heterskedasticity. Following the findings of J. Santos Silva and S. Teneyro we 
shall estimate our gravity equation in its multiplicative form using a pseudo maximum likelihood estimation 
technique (PML). 
Because we believe that there is a potential over dispersion problem of our dependent variable, i.e. the 
occupational flows, we employ two types of regression models: the Poisson regression and the negative binomial 
regression and then we compare their outcomes and choose for analysis the model that performs best. 
Generally, gravity models suffer from excess zeros due to inexistent flows or not registered flows due to 
observation or measurement errors and the way zero valued flows are treated is essential for the quality of the 
estimates. As we would not drop zero flows because we cannot distinguish between inexistent and not registered 
flows we shall follow the approach of M. Burger et al. (2009) who proposes the treatment of excess zero flows by 
using the zero-inflated Poisson or negative binomial regression. We test whether the use of a zero-inflated model is 
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appropriate with the Vuong test which compares the zero-inflated model with an ordinary Poisson or negative 
binomial model. 
5. Results and conclusions 
We have employed several models for explaining the occupational flows and the model that has the best 
performances is that in which the dependent variable measures the occupational flows between each two pairs of 
occupation, computed as the sum of bi-directional flows and the independent variables are: for masses we take the 
employed with higher education in both occupations, for distance, the similarity distance between the two 
occupations and for occupational specific variables we take into account wages for the two occupations and the 
stock of graduates for each occupation. 
We have estimated the equation both by using a zero-inflated Poisson regression and a zero-inflated binomial 
regression. It proves that our data is not over dispersed as we expected, thus the Poisson regression performs better. 
The results show that the occupational flows of university graduates are negatively dependent of the share of 
university graduates in total employment for each occupation and on the stock of graduates in occupation1. Wages 
have a positive influence on the magnitude of flows. We identify two shortcomings in our model: the first is the 
positive sign of the distance in the model and the second, the fact that the stock of graduates in the second 
occupation is not significant for explaining the occupational flows.  
Further on, we shall attempt to construct other measures for the distance between occupations and test their 
performances in explaining the variation of occupational flows. 
When we consider the distance between occupations as the absolute value of the difference between occupational 
prestige’s, the variables remaining in the model are stocks of graduates, total employment and the distance between 
occupations calculated. 
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